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H e a l t h assessment informat ion on a chemical substance is i n c l u d e d in IRIS only a f t e r a comprehensive
review of chronic toxic i ty data by U . S . EPA h e a l t h s c i e n t i s t s f r o m several Program O f f i c e s and the
O f f i c e of Research and Development. The summaries pr e s en t ed in S e c t i o n s I and II represent a
consensus reached in the review process. Background i n f o r m a t i o n and e x p l a n a t i o n s of the me thod s
used to derive the values given in IRIS are prov ided in the Background Documents.

S T A T U S O F D A T A F O R Arsenic, inorganic
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Category ( s e c t i o n ) S t a t u s Last Revised
Oral RfD Asse s sment (I. A.) on-line 0 2 / 0 1 / 1 9 9 3
I n h a l a t i o n RfC Asse s sment (I.B.) no data
Carc inogeni c i ty Asse s sment ( I I . ) on-line 0 4 / 1 0 / 1 9 9 8

I . C H R O N I C H E A L T H H A Z A R D A S S E S S M E N T S F O R
N O N C A R C I N O G E N I C E F F E C T S

_I.A. R E F E R E N C E DOSE FOR C H R O N I C ORAL E X P O S U R E ( R f D )
S u b s t a n c e Name ~ Arsenic, inorganic
C A S R N - - 7 4 4 0 - 3 8-2
Last R e v i s e d - - 0 2 / 0 1 / 1 9 9 3

The oral Reference Dose (RfD) is based on the a s sumpt i on that t h r e s h o l d s exist for certain toxic
e f f e c t s such as c e l l u l a r necrosis. It is expre s s ed in units of mg/kg-day. In general, the RfD is an
e s t imate (with uncertainty spanning p e r h a p s an order of m a g n i t u d e ) of a d a i l y exposure to the human
p o p u l a t i o n ( i n c l u d i n g sensitive s u b g r o u p s ) that is l i k e l y to be without an a p p r e c i a b l e risk of d e l e t e r i o u s
e f f e c t s d u r i n g a l i f e t i m e . P l e a s e r e f er to the Background Document for an e labora t i on of these
concepts . R f D s can also be derived for the noncarcinogenic hea l th e f f e c t s of substances that are a l so
carcinogens. T h e r e f o r e , it is e s sential to re f er to other sources of i n f o r m a t i o n concerning the
carcinogenici ty of this substance. If the U . S . EPA has evaluated this substance for p o t e n t i a l human
carcinogenicity, a summary of that evaluation wi l l be contained in S e c t i o n II of thi s f i l e .
N O T E : T h e r e was not a clear consensus among Agency s c i en t i s t s on the oral RfD. A p p l y i n g the
Agency's RfD m e t h o d o l o g y , strong s c i e n t i f i c arguments can be made for various values within a f a c t o r
of 2 or 3 of the current ly recommended RfD value, i.e., 0.1 to 0.8 u g / k g / d a y . It s hou ld be no t ed ,
however, that the RfD m e t h o d o l o g y , by d e f i n i t i o n , y i e l d s a number with inherent uncer ta inty s p a n n i n g
p e r h a p s an order of magnitude. New data that po s s i b ly impact on the recommended RfD for arsenic
will be evaluated by the Work G r o u p as it becomes avai lab l e . Risk managers should recognize the
con s id erab l e f l e x i b i l i t y a f f o r d e d them in f o r m u l a t i n g regulatory dec i s i ons when uncertainty and lack of
clear consensus are taken into account.

L A . 1 . ORAL R f D S U M M A R Y
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Cri t i ca l E f f e c t Exper imental Doses* UF MF RfD

H y p e r p i g m e n t a t i o n ,
keratosis and
p o s s i b l e vascular
c o m p l i c a t i o n s

N O A E L : 0.009 mg/L
converted to 0.0008
m g / k g - d a y

3 1 3E-4
m g / k g - d a y

L O A E L : 0.17 mg/L converted
Human chronic to 0.014 m g / k g - d a y
oral exposure

T s e n g , 1977; T s e n g et al., 1968
*Conversion F a c t o r s : N O A E L was based on an arithmetic mean of 0.009 mg/L in a range of arsenic
concentration of 0.001 to 0.017 m g / L . T h i s N O A E L also inc luded e s t imat ion of arsenic f r o m f o o d .
S i n c e experimental data were missing, arsenic concentrat ions in sweet p o t a t o e s and rice were
e s t imated as 0.002 m g / d a y . Other a s s u m p t i o n s in c luded c on sumpt i on of 4.5 L w a t e r / d a y and 55 kg bw
( A b e r n a t h y et al. , 1989). N O A E L = [(0.009 mg/L x 4.5 L / d a y ) + 0.002 m g / d a y ] / 55 kg = 0.0008
mg/kg-day. The LOAEL dose was e s t imated using the same a s sumpt i on s as the N O A E L s tar t ing with
an arithmetic mean water concentration f r o m T s e n g ( 1 9 7 7 ) of 0.17 mg/L. LOAEL = [(0.17 mg/L x
4.5 L / d a y ) + 0.002 m g / d a y ] / 55 kg - 0.014 mg/kg-day .

I.A.2. P R I N C I P A L A N D S U P P O R T I N G S T U D I E S (ORAL R f D )
T s e n g , W.P. 1977. E f f e c t s and dose-re sponse r e l a t i o n s h i p s of skin cancer and b l a c k f o o t d i s ea s e

with arsenic. Environ. H e a l t h Per sp e c t . 19: 109-119.
T s e n g , W.P., H . M . Chu, S . W . How, J.M. F o n g , C . S . Lin and S. Yeh. 1968. Prevalence o f skin

cancer in an endemic area of chronic arsenicism in Taiwan. J. N a t l . Cancer I n s t . 40: 453-463.
The data reported in T s e n g ( 1 9 7 7 ) show an increased incidence of b l a c k f o o t d i s ea se that

increases with age and dose. B l a c k f o o t d i s ea se is a s i g n i f i c a n t adverse e f f e c t . The prevalence s (mal e s
and f e m a l e s c omb ined) at the low dose are 4.6 per 1000 for the 20-39 year g r o u p , 10.5 per 1000 for
the 40-59 year group, and 20.3 per 1000 for the >60 year group. Moreover, the prevalence of
b l a c k f o o t d i s ease in each age group increases with increasing dose. However, a recent report i n d i c a t e s
that it may not be s t r i c t l y due to arsenic exposure (Lu, 1990). The data in T s e n g et al. ( 1 9 6 8 ) also
show increased incidences of h y p e r p i g m e n t a t i o n and keratosis with age. The overall prevalences of
h y p e r p i g m e n t a t i o n and keratosi s in the e xpo s ed group s are 184 and 71 per 1000, r e s p e c t i v e l y . The
text s ta te s that the incidence increases with dose, but da ta for the i n d i v i d u a l doses are not shown.
T h e s e da ta show that the skin l e s i on s are the more sensi t ive e n d p o i n t . The low dose in the T s e n g
( 1 9 7 7 ) s tudy is considered a L O A E L .

The control group described in T s e n g et al. ( 1 9 6 8 ; T a b l e 3) shows no evidence of skin l e s i ons
and pr e sumab ly b l a c k f o o t d i s ea s e , a l t h o u g h this l a t t e r po int i s not e x p l i c i t l y s t a t e d . T h i s group i s
considered a N O A E L .

The ari thmetic mean of the arsenic concentrat ion in the w e l l s used by the i n d i v i d u a l s in the
N O A E L group is 9 ug/L (range: 1-17 u g / L ) (Aberna thy et al., 1989). The ari thmet i c mean of the
arsenic concentration in the w e l l s used by the i n d i v i d u a l s in the LOAEL group is 170 ug/L ( T s e n g ,
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1977; F i g u r e 4). U s i n g e s t imate s p r o v i d e d by Abernathy et al. ( 1 9 8 9 ) , the N O A E L and LOAEL doses
for both f o o d and water are as f o l l o w s : LOAEL - [ 1 7 0 ug/L x 4.5 L / d a y + 2 u g / d a y ( c o n t r i b u t i o n of
f o o d ) ] x ( 1 / 5 5 kg) - 14 u g / k g / d a y ; N O A E L - [9 ug/L x 4.5 L / d a y + 2 u g / d a y (contr ibu t ion of f o o d ) ] x
( 1 / 5 5 kg) - 0.8 u g / k g / d a y .

A l t h o u g h the control group contained 2552 i n d i v i d u a l s , only 957 ( a p p r o x i m a t e l y 38%) were
o l d e r than 20, and only 431 ( a p p r o x i m a t e l y 17%) were o lder than 40. The incidence of skin l e s i on s
increases s h a r p l y in i n d i v i d u a l s above 20; the incidence of b l a c k f o o t d i s ease increases s h a r p l y in
i n d i v i d u a l s above 40 ( T s e n g , 1968; F i g u r e s 5, 6 and 7). T h i s s t udy is l e s s p o w e r f u l than it a p p e a r s at
f i r s t glance. However, it is certainly the most p o w e r f u l s tudy ava i lab l e on arsenic expo sure to p e o p l e .

T h i s s t udy shows an increase in skin l e s i on s , 22% ( 6 4 / 2 9 6 ) at the h igh dose vs. 2.2% ( 7 / 3 1 8 ) at
the low dose. The average arsenic concentration in the w e l l s at the high dose is 410 ug/L and at the
low dose is 5 ug/L (Cebrian et al., 1983; F i g u r e 2 and T a b l e 1) or 7 ug/L (ci ted in the abs tract). The
average water c on sumpt i on is 3.5 L / d a y for males and 2.5 L / d a y for f e m a l e s . T h e r e were about an
equal number of males and f e m a l e s in the s tudy. For the dose e s t imate s given below we t h e r e f o r e
assume an average of 3 L / d a y . No da ta are given on the arsenic exposure f r o m f o o d or the body
weight of the p a r t i c i p a n t s (we t h e r e f o r e assume 55 kg). The p a p e r s ta t e s that e xpo sure times are
d i r e c t l y related to chronological age in 75% of the cases. A p p r o x i m a t e l y 35% of the p a r t i c i p a n t s in the
s tudy are more than 20 years old ( F i g u r e 1).

Exposure e s t imates (water only) are: high dose - 410 ug/L x 3 L / d a y x ( 1 / 5 5 kg) = 22
u g / k g / d a y ; low dose - 5-7 ug/L x 3 L / d a y x ( 1 / 5 5 kg) = 0.3-0.4 u g / k g / d a y .

The high-dose group shows a clear increase in skin l e s i on s and is t h e r e f o r e d e s i g n a t e d a
L O A E L . T h e r e is some quest ion whether the low dose is a N O A E L or a LOAEL since there is no way
of knowing what the incidence of skin l e s ions would be in a group where the exposure to arsenic is
zero. The 2.2% incidence of skin l e s i ons in the low-dose group is higher than that r epor t ed in the
T s e n g et al. ( 1 9 6 8 ) control group, but the dose is lower (0.4 vs. 0.8 u g / k g / d a y ) .

The S o u t h w i c k et al. ( 1 9 8 3 ) s t u d y shows a m a r g i n a l l y increased inc idence of a variety of skin
l e s i on s ( p a l m a r and p l a n t a r keratos i s , d i f f u s e pa lmar or p l a n t a r hyperkera to s i s , d i f f u s e p i g m e n t a t i o n ,
and arterial i n s u f f i c i e n c y ) in the i n d i v i d u a l s exposed to arsenic. The inc idence s are 2.9% ( 3 / 1 0 5 ) in the
control group and 6.3% ( 9 / 1 4 4 ) in the exposed group. T h e r e is a s l i g h t , but not s t a t i s t i c a l l y s i g n i f i c a n t
increase in the percent of exposed i n d i v i d u a l s that have abnormal nerve conduct ion ( 8 / 6 7 vs. 1 3 / 8 3 , or
12% vs. 16% ( S o u t h w i c k et al . , 1983; T a b l e 8). The inve s t iga tor s ex c luded all i n d i v i d u a l s o l d e r than
47 f r o m the nerve conduc t ion p o r t i o n of the s tudy. T h e s e are the i n d i v i d u a l s most l i k e l y to have the
longes t exposure to arsenic.

A l t h o u g h nei ther the increased incidence of skin l e s i on s nor the increase in abnormal nerve
conduc t ion is s t a t i s t i c a l l y s i g n i f i c a n t , these e f f e c t s may be b i o l o g i c a l l y s i g n i f i c a n t because the same
abnormali t i e s occur at higher doses in other s t u d i e s . The number of s u b j e c t s in this s t u d y was
i n s u f f i c i e n t t o e s t a b l i s h s t a t i s t i c a l s i gn i f i canc e .

T a b l e 3 ( S o u t h w i c k et al., 1 9 8 3 ) shows the annual arsenic exposure f r o m drinking water. No
data are given on arsenic exposure f r o m f o o d or the body weight (assume 70 kg). Exposure t imes are
not c l ear ly d e f i n e d , but are > 5 years, and dose group s are ranges of exposure.

Exposure e s t imate s (water only) are: dosed group - 152.4 mg/year x 1 y e a r / 3 6 5 days x ( 1 / 7 0 )
kg = 6 u g / k g / d a y ; control group - 24.2 mg/year x year/365 days x ( 1 / 7 0 ) kg = 0.9 u g / k g / d a y .
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Again because there are no da ta for a group not expo s ed to arsenic, there is some ques t ion if the
control group is a N O A E L or a LOAEL. The incidence of skin l e s i on s in thi s group is about the same
as in the low-dose group f r o m the Cebrian et al. ( 1 9 8 3 ) s t udy; the incidence of abnormal nerve
conduct ion in the control group is higher than that f rom the low-dose group in the H i n d m a r s h et al.
(1977) study described below. The control dose is comparable to the dose to the control group in the
T s e n g et al. ( 1 9 6 8 ) and H i n d m a r s h et al. ( 1 9 7 7 ) s tudie s . The dosed group may or may not be a
L O A E L , since it is does not report s t a t i s i c a l l y s i g n i f i c a n t e f f e c t s when compared to the control.

T h i s s tudy shows an increased incidence of abnormal cl inical f i n d i n g s and abnormal
e l e c t r omyograph i c f i n d i n g s with increasing dose of arsenic ( H i n d m a r s h et al., 1977; T a b l e s III and
VI). However, the s a m p l e size i s extremely s m a l l . Percentages of abnormal c l in i ca l s igns p o s s i b l y
at tr ibuted to As were 10, 16, and 40% at the low, mid and high dose s , r e s p e c t i v e l y . Abnormal EMG
were 0, 17 and 53% in the same three groups.

The exact doses are not given in the H i n d m a r s h et al. ( 1 9 7 7 ) p a p e r ; however, some well da ta
are reported in T a b l e V. The arithmetic mean of the arsenic concentration in the high-dose and
mid-dose w e l l s is 680 and 70 u g / L , r e spe c t iv e ly . F i g u r e 1 ( H i n d m a r s h et al., 1977) shows that the
average arsenic concentration of the low-dose w e l l s is about 25 u g / L . No data are given on arsenic
exposure f r o m f o o d . We assume d a i l y water consumpt ion of 2 l i t e r s and body weight of 70 kg.
Exposure times are not c l e a r l y s t a t ed .

Exposure e s t imate s (water only) are: low - 25 ug/L x 2 L / d a y x ( 1 / 7 0 ) kg = 0.7 u g / k g / d a y ; mid -
70 ug/L x 2 L / d a y x ( 1 / 7 0 ) kg = 2 u g / k g / d a y ; high - 680 u g / L x 2 L / d a y x ( 1 / 7 0 ) kg = 19 u g / k g / d a y .

The low dose is a n o - e f f e c t level for abnormal EMG f i n d i n g s . However, because there is no
i n f o r m a t i o n on the background incidence of abnormal clinical f i n d i n g s in a p o p u l a t i o n with zero
exposure to arsenic, there is no way of knowing if the low dose is a n o - e f f e c t level or another marginal
e f f e c t level for abnormal clinical f i n d i n g s . The low dose is comparable to the dose received by the
control group in the T s e n g ( 1 9 7 7 ) and S o u t h w i c k et al. ( 1 9 8 3 ) s tud i e s .

The re sponse s at the mid dose do not show a s t a t i s t i c a l l y s i g n i f i c a n t increase but are part of a
s t a t i s t i c a l l y s i g n i f i c a n t trend and are b i o l o g i c a l l y s i g n i f i c a n t . T h i s dose is an equivocal
N O A E L / L O A E L . The high dose i s a clear LOAEL for both re sponse s .

As d i s cu s s ed p r e v i o u s l y there is no way of knowing whether the low doses in the Cebrian et al.
( 1 9 8 3 ) , S o u t h w i c k et al. ( 1 9 8 3 ) and H i n d m a r s h et al. ( 1 9 7 7 ) s tudi e s a r e N O A E L s for skin l e s i ons
and/or abnormal nerve conduction. However, because the next higher dose in the Southwick and
H i n d m a r s h s t u d i e s only shows marginal e f f e c t s at doses 3-7 times higher, the Agency f e e l s
c o m f o r t a b l e in as s igning the low doses in these s tudi e s as N O A E L s .

The T s e n g ( 1 9 7 7 ) and T s e n g e t al . ( 1 9 6 8 ) s tud i e s are t h e r e f o r e considered superior for the
p u r p o s e s of d e v e l o p i n g an RfD and show a N O A E L for a sensit ive e n d p o i n t . Even d i s c o u n t i n g the
p e o p l e < 20 years of age, the control group consi s ted of 957 p e o p l e that had a l eng thy exposure to
arsenic with no evidence of skin le s ions.

The f o l l o w i n g is a summary of the d e f i n e d doses in mg/kg-day f r o m the p r i n c i p a l and s u p p o r t i n g
s tudi e s:
1) T s e n g (1977): N O A E L = 8E-4; LOAEL = 1.4E-2
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2) Cebrian et al. ( 1 9 8 3 ) : N O A E L = 4E-4; LOAEL - 2.2E-2
3) Southwick et al. (1983): N O A E L = 9E-4; LOAEL = none (equivocal e f f e c t s at 6E-3)
4) H i n d m a r s h et al., 1977: N O A E L - 7E-4; LOAEL = 1.9E-2 (equivocal e f f e c t s at 2E-3)

__I.A.3. U N C E R T A I N T Y A N D M O D I F Y I N G F A C T O R S (ORAL R f D )
UF — The UF of 3 is to account for both the lack of data to p r e c l u d e reproduct ive t ox i c i ty as a critical
e f f e c t and to account for some uncertainty in whether the NOAEL of the critical s t u d y accounts for all
s ens i t ive i n d i v i d u a l s .
MF — N o n e

J L A . 4 . A D D I T I O N A L S T U D I E S / C O M M E N T S (ORAL R f D )
Perm and Carpenter ( 1 9 6 8 ) p r o d u c e d m a l f o r m a t i o n s in 15-day hamster f e t u s e s via intravenous

i n j e c t i o n s of sodium arsenate into pregnant dams on day 8 of g e s t a t i on at dose l e v e l s of 15, 17.5, or
20 m g / k g bw. Exencepha ly , e n c e p h a l o c e l e s , ske l e ta l d e f e c t s and genitourinary systems d e f e c t s were
p r o d u c e d . T h e s e and other terata were produc ed in mice and rats all at l ev e l s around 20 m g / k g bw.
Minimal e f f e c t s or no e f f e c t s on f e t a l d eve l opment have been observed in s t ud i e s on chronic oral
exposure of pregnant rats or mice to r e l a t i v e l y low l ev e l s of arsenic via drinking water ( S c h r o e d e r and
Mitchner, 1971). Nadeenko et al. ( 1 9 7 8 ) reported that in tubat ion of rats with arsenic s o l u t i o n at a
dose level of 25 u g / k g / d a y for a period of 7 months, i n c l u d i n g pregnancy, produc ed no s i g n i f i c a n t
embryotoxic e f f e c t s and only infrequent s l igh t expans ion of ventr ic l e s of the cerebrum, renal p e l v e s
and urinary b l a d d e r . H o o d et al. ( 1 9 7 7 ) reported that very high s ingle oral doses of arsenate s o lu t i on s
(120 m g / k g ) to pregnant mice were necessary to cause prenatal f e t a l t ox i c i ty, while m u l t i p l e dose s of
60 m g / k g on 3 days had l i t t l e e f f e c t .

Extensive human pharmacokinetic , metabol i c , enzymic and long-term i n f o r m a t i o n is known
about arsenic and its metabo l i sm. V a l e n t i n e et al. ( 1 9 8 7 ) e s tab l i sh ed that human blood arsenic l e v e l s
did not increase unt i l d a i l y water ingest ion of arsenic exceeded a p p r o x i m a t e l y 250 u g / d a y
( a p p r o x i m a t e l y 120 ug of arsenic/L. M e t h y l a t e d spec ie s of arsenic are succes s ively 1 order of
magni tude l e s s toxic and le s s t eratogenic (Marcus and Rispin, 1988). Some evidence sugge s t s that
inorganic arsenic is an es sential nutrient in goats, chicks, m i n i p i g s and rats (NRC, 1989). No
comparabl e data are avai lab l e for humans.

I.A.5. C O N F I D E N C E I N T H E ORAL R f D
S t u d y -- Medium
Data Base -- M e d i u m
RfD ~ M e d i u m

C o n f i d e n c e in the chosen s tudy is considered medium. An extremely large number of p e o p l e
were i n c l u d e d in the assessment ( > 40,000) but the dose s were not well-characterized and other
contaminants were present . The s u p p o r t i n g human t ox i c i ty data base is extensive but somewhat
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f l a w e d . Prob l ems exist with al l o f the e p i d e m i o l o g i c a l s tudie s . For e xampl e , the T s e n g s t u d i e s do not
l ook at p o t e n t i a l exposure f r o m f o o d or other source. A similar cri t ic i sm can be made of the Cebrian et
al. ( 1 9 8 3 ) study. The U . S . s tud i e s are too small in number to resolve several issues. However, the data
base does s u p p o r t the choice of N O A E L . It garners medium c o n f i d e n c e . Medium c o n f i d e n c e in the
R f D f o l l o w s .

I.A.6. EPA D O C U M E N T A T I O N AND REVIEW OF THE ORAL RfD
Source Document — T h i s assessment is not pre s ented in any exi s t ing U . S . EPA document.

T h i s analysi s has been reviewed by EPA's Risk Asses sment Council on 1 1 / 1 5 / 1 9 9 0 . T h i s
assessment was di scus sed by the Risk Asse s sment Council of EPA on 1 1 / 1 5 / 1 9 9 0 and v e r i f i e d through
a series of meetings during the 1s t , 2nd and 3rd quarters of FY91.
Other EPA Documentation -- U . S . EPA, 1984, 1988
Agency Work Group Review - 0 3 / 2 4 / 1 9 8 8 , 0 5 / 2 5 / 1 9 8 8 , 0 3 / 2 1 / 1 9 8 9 , 0 9 / 1 9 / 1 9 8 9 , 0 8 / 2 2 / 1 9 9 0 ,
0 9 / 2 0 / 1 9 9 0
V e r i f i c a t i o n Date -- 1 1 / 1 5 / 1 9 9 0

I.A.7. E P A C O N T A C T S (ORAL R f D )
Please contact the Risk I n f o r m a t i o n H o t l i n e for all ques t ions concerning thi s assessment or

IRIS, in general, at ( 5 1 3 ) 5 6 9 - 7 2 5 4 ( p h o n e ) , ( 5 1 3 ) 5 6 9 - 7 1 5 9 (FAX) or
R f f l . I R I S @ E P A M A I L . E P A . G O V (internet addre s s) .

_I.B. R E F E R E N C E C O N C E N T R A T I O N F O R C H R O N I C I N H A L A T I O N E X P O S U R E ( R f C )
S u b s t a n c e Name -- Arsenic, inorganic
C A S R N - 7 4 4 0 - 3 8-2

Not avai lab l e at this time.

_ H . C A R C I N O G E N I C I T Y A S S E S S M E N T F O R L I F E T I M E E X P O S U R E
S u b s t a n c e Name — Arsenic, inorganic
C A S R N - 7 4 4 0 - 3 8-2
Last Revised - 0 4 / 1 0 / 1 9 9 8

S e c t i o n II p r o v i d e s i n f o r m a t i o n on three a sp e c t s of the carcinogenic assessment for the
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substance in quest ion; the weight-o f-evidence j u d g m e n t of the l i k e l i h o o d that the substance is a human
carcinogen, and quant i ta t ive e s t imate s of risk f r o m oral exposure and f r o m inhala t ion exposure. The
quant i ta t ive risk e s t imates are presented in three ways. The s l o p e f a c t o r is the result of a p p l i c a t i o n of a
l ow-dose e x t r a p o l a t i o n procedure and is pre s ented as the risk per ( m g / k g ) / d a y . The unit risk is the
quant i ta t iv e e s t imate in terms of either risk per ug/L drinking water or risk per ug/cu.m air breathed.
The third form in which risk is pre s ent ed is a drinking water or air concentration p r o v i d i n g cancer risks
of 1 in 10,000, 1 in 100,000 or 1 in 1,000,000. The rationale and methods used to d e v e l o p the
carcinogenicity in f ormat i on in IRIS are described in The Risk Assessment G u i d e l i n e s of 1986
( E P A / 6 0 0 / 8 - 8 7 / 0 4 5 ) and in the IRIS Background Document. IRIS summaries d e v e l o p e d since the
p u b l i c a t i o n o f EPA's more recent P r o p o s e d G u i d e l i n e s f o r Carcinogen Risk Assessment also u t i l i z e
those G u i d e l i n e s where ind i ca t ed ( F e d e r a l Register 6 1 ( 7 9 ) : 17960-18011, A p r i l 23, 1996). Users are
referred to S e c t i o n I of this IRIS fi le for i n f o r m a t i o n on long-term toxic e f f e c t s other than
carcinogenicity.

_H.A. E V I D E N C E F O R C L A S S I F I C A T I O N A S T O H U M A N C A R C I N O G E N I C I T Y

H.A.1. W E I G H T - O F - E V I D E N C E C L A S S I F I C A T I O N
C l a s s i f i c a t i o n ~ A; human carcinogen
Basis ~ based on s u f f i c i e n t evidence f r o m human data. An increased lung cancer m o r t a l i t y was
observed in m u l t i p l e human p o p u l a t i o n s expo s ed pr imar i ly through inhala t i on . A l s o , increased
morta l i ty f r om m u l t i p l e internal organ cancers (liver, kidney, lung, and b l a d d e r ) and an increased
incidence of skin cancer were observed in p o p u l a t i o n s consuming drinking water high in inorganic
arsenic.

H.A.2. H U M A N C A R C I N O G E N I C I T Y D A T A
S u f f i c i e n t . S t u d i e s o f sme l t er worker p o p u l a t i o n s (Tacoma, W A ; Magma, U T ; Anaconda, M T ;

Ronnskar, S w e d e n ; Saganos ek i-Machi i , Japan) have all f o u n d an as sociat ion between o c cupa t i ona l
arsenic exposure and lung cancer morta l i ty (Enterl ine and Marsh, 1982; L e e - F e l d s t e i n , 1983; Axe l s on
et al., 1978; T o k u d o m e and Kurat sune , 1976; Rencher et al., 1977). Both p r o p o r t i o n a t e m o r t a l i t y and
cohort s tud i e s of p e s t i c i d e m a n u f a c t u r i n g workers have shown an excess of l ung cancer dea th s among
exposed persons (Ott et al. , 1974; Mabuchi et al., 1979). One s tudy of a p o p u l a t i o n r e s i d ing near a
p e s t i c i d e manufac tur ing p lant revealed that these r e s ident s were also at an excess risk of lung cancer
(Matanoski et al., 1 9 8 1 ) . Case r epor t s of arsenical p e s t i c i d e a p p l i c a t o r s have also corroborated an
as soc iat ion between arsenic exposure and l u n g cancer (Roth, 1958).

A cross-sectional s tudy of 40,000 Taiwanese exposed to arsenic in drinking water f o u n d
s i g n i f i c a n t excess skin cancer prevalence by comparison to 7500 re s id en t s of Taiwan and Matsu who
consumed r e l a t i v e l y arsenic-free water ( T s e n g et al., 1968; T s e n g , 1977). A l t h o u g h th i s s t u d y
demonstrated an associat ion between arsenic exposure and deve l opment of skin cancer, it has several
weaknesses and uncertaint ie s , i n c l u d i n g poor nutri t ional s tatus of the exposed p o p u l a t i o n s , their
genetic s u s c e p t i b i l i t y , and their exposure to inorganic arsenic f r o m non-water sources, that l imi t the
study's u s e f u l n e s s in risk es t imation. Dietary inorganic arsenic was not cons idered nor was the
p o t e n t i a l c o n f o u n d i n g by contaminants other than arsenic in drinking water. T h e r e may have been bias
of examiners in the original s tudy since no skin cancer or p r e n e o p l a s t i c l e s i on s were seen in 7500
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cancer mor ta l i ty rates and arsenic l eve l s in drinking water in 314 t ownsh ip s in Taiwan also
corroborated the as soc iat ion between arsenic l eve l s and mor ta l i ty f r o m the internal cancers (Chen and
Wang, 1990).

Chen et a l . ( 1 9 9 2 ) conducted a recent analys i s of cancer m o r t a l i t y data f r om the arsenic-exposed
p o p u l a t i o n to compare risk of various internal cancers and compare risk between males and f emal e s .
The s tudy area and p o p u l a t i o n have been described by Wu et al. ( 1 9 8 9 ) . It is l imi t ed to 42
southwestern coastal v i l l a g e s where re s ident s have used water high in arsenic f r o m d e e p artesian w e l l s
for more than 70 years. Arsenic l ev e l s in drinking water ranged f r om 0.010 to 1.752 p p m . The s t u d y
p o p u l a t i o n had 898,806 person-years of observation and 202 liver cancer, 304 lung cancer, 202
b l a d d e r cancer and 64 kidney cancer deaths. The s tudy p o p u l a t i o n was s t r a t i f i e d into f o u r group s
according to median arsenic level in well water ( < 0.10 p p m , 0.10- 0.29 p p m , 0.30-0.59 ppm and 60+
p p m ) , and also s t r a t i f i e d into f o u r age groups ( < 30 years, 30-49 years, 50-69 years and 70+ years).
M o r t a l i t y rates were f o u n d to increase s i g n i f i c a n t l y with age for all cancers and s i g n i f i c a n t dose-
response r e l a t i o n s h i p s were observed between arsenic level and mor ta l i ty f r o m cancer of the liver,
lung, b l a d d e r and kidney in most age group s of both males and f e m a l e s . The da ta generated by Chen et
al. ( 1 9 9 2 ) provide evidence for an association of the l ev e l s of arsenic in drinking water and durat ion of
exposure with the rate of mor ta l i ty f r om cancers of the liver, lung, b l a d d e r , and kidney. Dose-response
r e l a t i o n s h i p s are c l ear ly shown by the tabu la t ed data ( T a b l e s II-V of Chen et al. , 1992). Previous
s t ud i e s summarized in U . S . EPA ( 1 9 8 8 ) showed a similar as sociat ion in the same Taiwane s e
p o p u l a t i o n with the prevalence of skin cancers (which are o f t e n n o n - f a t a l ) . Bates et al. ( 1 9 9 2 ) and
S m i t h et al. ( 1 9 9 2 ) have recent ly reviewed and evaluated the evidence for arsenic inge s t i on and
internal cancers.

H.A.3. A N I M A L C A R C I N O G E N I C I T Y D A T A
I n a d e q u a t e . T h e r e has not been consistent demons tra t ion of carcinogenici ty in test animals for

various chemical f orms of arsenic administered by d i f f e r e n t routes to several species (IARC, 1980).
F u r s t ( 1 9 8 3 ) has cited or reviewed animal carcinogenicity t e s t ing s tud i e s of nine inorganic arsenic
compounds in over nine strains of mice, f i v e strains of rats, in dogs , rabbit s , swine and chickens.
T e s t i n g was by the oral, dermal, inhalat ion, and parenteral routes. All o x ida t i on s ta t e s of arsenic were
t e s t ed . No s tudy demons trated that inorganic arsenic was carcinogenic in animals. Dimethylar sonic
acid (DMA), the end m e t a b o l i t e predominant in humans and animals, has been te s t ed for
carcinogenici ty in two strains of mice and was not f ound po s i t i v e (Innes et al., 1969); however, thi s
was a screening s tudy and no da ta were p r o v i d e d . The meaning of non-pos i t ive da ta for
carcinogenicity of inorganic arsenic is uncertain, the mechanism of action in causing human cancer is
not known, and rodents may not be a good model for arsenic carcinogenicity te s t ing. T h e r e are some
data to ind i ca t e that arsenic may produce animal lung tumors if retention time in the lung can be
increased (Pershagen et al., 1982, 1984).

__H.A.4. S U P P O R T I N G D A T A F O R C A R C I N O G E N I C I T Y
A re tro spe c t iv e cohort mor ta l i ty s tudy was conducted on 478 Briti sh p a t i e n t s treated between

1945-1969 with Fowler' s s o l u t i o n ( p o t a s s i u m arsenite). The mean dura t i on of treatment was 8.9
months and the average total oral consumption of arsenic was about 1890 mg ( d a i l y dose x durat ion).
In 1980, 139 dea th s had occurred. No excess deaths f r o m internal cancers were seen a f t e r th i s 20-year
f o l l o w - u p . Three b l a d d e r cancer dea th s were observed ( 1 . 1 9 e x p e c t e d , SMR 2 . 5 ) (Cuzick et al.,
1982). A recent f o l l o w - u p (Cuzi ck et al., 1992) ind i ca t ed no increased mor ta l i ty f r om all cancers but a
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s ign i f i cant excess f r o m b l a d d e r cancer (5 cases ob s erved/1.6 e x p e c t e d ; SMR of 3.07). A subset of the
original cohort (143 p er s on s) had been examined by a d e r m a t o l o g i s t in 1970 for s igns of arsenicism
( p a l m a r keratosis). In 1990, there were 80 deaths in the subcohort and 11 deaths f r o m internal
cancers. All 11 s u b j e c t s had skin signs (keratos i s-10, hyperp igmen ta t i on-5 and skin cancer-3). A
case-control s tudy of the prevalence of pa lmar keratoses in 69 b l a d d e r cancer p a t i e n t s , 66 lung cancer
p a t i e n t s and 218 h o s p i t a l contro l s (Cuzick et al., 1984), indicated an association between skin
keratosis (as an indica tor of arsenic expo sure) and lung and b l a d d e r cancer. Above the age of 50, 87%
of b l a d d e r cancer p a t i e n t s and 71% of lung cancer p a t i e n t s but only 36% of contro l s had one or more
keratoses. Several case report s i m p l i c a t e internal cancers with arsenic inge s t i on or s p e c i f i c a l l y with use
of Fowler ' s s o lu t i on but the as sociations are t en ta t ive (U.S. EPA, 1988).

S o d i u m arsenate has been shown to t r a n s f o r m Syrian hamster embryo c e l l s ( D i p a o l o and Cas t o ,
1979) and to produce s i s t er chromatid-exchange in DON c e l l s , CHO c e l l s , and human per iph era l
lymphocy t e s exposed in vitro (Wan et al., 1982; Ohno et al., 1982; Larramendy et al., 1981; Andersen,
1983; Crossen, 1983). Jacob son-Kram and Montalbano ( 1 9 8 5 ) have reviewed the mutagenici ty of
inorganic arsenic and concluded that inorganic arsenic is inactive or very weak for induc t i on of gene
mutat ions in vitro but it is c la s t ogen i c with trivalent arsenic being an order of magni tude more potent
than pentavalent arsenic.

Both the pentavalent and tr ivalent f o r m s of inorganic arsenic are f o u n d in drinking water. In
both animals and humans, arsenate ( A s + 5 ) is reduced to arsenite (As+3) and the trivalent f o rm is
methylated to give the metabol i te s mononomethylarsinic acid (MMA) and dimethylarsonic acid
(DMA) ( V a h t e r and M a r a f a n t e , 1988). The g eno tox i c i ty of arsenate ( A s + 5 ) and arsenite (As+3) and
the two me thyla t ed me tabo l i t e s , MMA and DMA were compared in the t h y m i d i n e kinase forward
mutat ion assay in mouse l y m p h o m a c e l l s (Harrington-Brock et al. 1993; Moore et al., 1995, in pres s).S o d i u m arsenite (+3) and sodium arsenate (+5) were mutagenic at concentration of 1-2 ug/mL and
10-14 u g / m L , r e spe c t ive ly , whereas MMA and DMA were s i g n i f i c a n t l y l e s s p o t e n t , requiring 2.5-5
mg/mL and 10 mg/mL, re spec t ive ly, to induce a genotoxic response. Based on small colony size the
mutations induced were j u d g e d chromosomal rather than point mutations. The authors have pr ev i ou s ly
shown that for chemicals having c la s togenic ac t iv i ty (i.e., cause chromosomal muta t i on s) , the mutated
c e l l s grow more s l owly than c e l l s with s ingle gene mutat ions and this r e su l t s in small colony size. In
the mouse lymphoma assay, chromosomal abberations were seen at a p p r o x i m a t e l y the same arsenic
l ev e l s as TK forward mutations. Arsenate, arsenite and MMA were considered c las togenic but the
abberation response with DMA was i n s u f f i c i e n t to consider it a c las togen. Sinc e arsenic exerts its
geno tox i c i ty by causing chromosomal mutat ions, it has been sugges ted by the above authors that it
may act in a la t t e r stage of carcinogenesis as a progres sor, rather than as a class ical init iator or
promotor (Moore et al., 1994). A f i n d i n g which s u p p o r t s this proces s is that arsenate (8-16 uM) and
arsenite (3 uM) have been shown to induce 2-10 f o l d a m p l i f i c a t i o n of the d i h y d r o f o l a t e reductase gene
in culture in metho trexat e resistant 3T6 mouse c e l l s (Lee et al., 1988). A l t h o u g h the mechanism of
induc t i on in rodent c e l l s is not known, gene a m p l i f i c a t i o n of oncogenes is observed in many human
tumors. Inorganic arsenic has not been shown to mutate bacterial strains, it produce s p r e f e r e n t i a l
k i l l i n g o f repair d e f i c i e n t strains (Rossman, 1981). S o d i u m arsenite (As+3) induces D N A - s t r a n d
breaks which are associated with D N A - p r o t e i n cros s l inks in cultured human f i b r o b l a s t s at 3 mM but
not 10 mM (Dong and Luo, 1 9 9 3 ) and it a p p e a r s that arsenite inhibit s the DNA repair proces s by
inhib i t ing both excision and l i g a t i o n (Jha et al., 1992; Lee-Chen et al., 1993).

The inhibitory e f f e c t of arsenite on strand-break re jo ining during DNA repair was f ound to be
reduced by a d d i n g g lu ta th i one to cell cul tures ( H u a n g et al., 1993). The cytotoxic e f f e c t s of sodium
arsenite in Chinese hamster ovary c e l l s al so has also f ound to correlate with the i n t r a c e l l u l a r
g l u t a t h i o n e l ev e l s (Lee et a l . , 1989).
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In vivo s tudie s in rodent s have shown that oral exposure of rats to arsenate ( A s + 5 ) for 2-3
weeks re sul t ed in m a j o r chromosomal abnormali t ie s in bone marrow (Datta et al., 1 9 8 6 ) and exposure
of mice to As (+3) in drinking water for 4 weeks (250 mg As/L as arsenic t r i o x i d e ) caused
chromosomal aberrations in bone marrow c e l l s but not spermatogonia (Poma et al., 1987); micronuclei
in bone marrow c e l l s were also induced by intraperi toneal do s ing of mice with arsenate (DeKnudt et
al., 1986; T i n w e l l et al., 1 9 9 1 ) . Chromosomal aberrations and si s ter chromatid exchange have been
seen in p a t i e n t s exposed to arsenic f r o m treatment with Fowler's s o lu t i on (Burgdor f et al., 1977) and
s u b j e c t s expo s ed o c cupa t i ona l!; / (Beckman et al., 1977) but no increase in either e n d p o i n t was seen in
l y m p h o c y t e s of s u b j e c t s exposed to arsenic in drinking water (Vig et al., 1984).

_H.B. Q U A N T I T A T I V E E S T I M A T E O F C A R C I N O G E N I C R I S K FROM ORAL
E X P O S U R E

H.B.1. S U M M A R Y O F R I S K E S T I M A T E S
Oral S l o p e F a c t o r - 1.5E+0 per ( m g / k g ) / d a y
Drinking Water Unit Risk - 5E-5 per ( u g / L )
E x t r a p o l a t i o n Method -- T i m e - and dose-re la ted f o r m u l a t i o n of the m u l t i s t a g e model (U.S. EPA,
1988)
Drinking W a t e r Concentrat ions at S p e c i f i e d Risk Level s:

Risk Level Concentrat ion

E-4 (1 in 10,000) 2E+0 ug/L
E-5 (1 in 100,000) 2E-1 ug/L
E-6 (1 in 100,000) 2E-2 ug/L

_H.B.2. D O S E - R E S P O N S E D A T A ( C A R C E V O G E N I C I T Y , ORAL E X P O S U R E )
The Risk Asses sment Forum has c ompl e t ed a reassessment of the carcinogenici ty risk as soc iated

with inges t ion of inorganic arsenic (U.S. EPA, 1988). The data prov id ed in T s e n g et al., 1968 and
T s e n g , 1977 on about 40,000 persons exposed to arsenic in drinking water and 7500 r e l a t i v e l y
unexposed contro l s were used to d e v e l o p dose-re sponse data. The number of persons at risk over
three dose int erval s and f o u r exposure durat ions, for males and f e m a l e s s epara t e ly , were es t imated
f r o m the reported prevalence rates as percentages. It was assumed that the Taiwanes e persons had a
constant exposure f r o m birth, and that males consumed 3.5 L drinking wa t e r /day and f e m a l e s
consumed 2.0 L / d a y . Doses were converted to equivalent doses for U . S . males and f e m a l e s based on
d i f f e r e n c e s in body weights and d i f f e r e n c e s in water consumpt ion and it was assumed that skin cancer
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risk in the U . S . p o p u l a t i o n would be s imilar to the Taiwanes e p o p u l a t i o n . The m u l t i s t a g e model with
time was used to pred i c t d o s e - s p e c i f i c and a g e - s p e c i f i c skin cancer prevalance rates associated with
inges t ion of inorganic arsenic; both linear and quadratic model f i t t i n g of the data were conducted. The
maximum l i k e l i h o o d estimate (MLE) of skin cancer risk for a 70 kg person drinking 2 L of water per
day ranged f r om IE-3 to 2E-3 for an arsenic intake of 1 u g / k g / d a y . Expre s s ed as a s ingle value, the
cancer unit risk for drinking water is 5E-5 per ( u g / L ) . D e t a i l s of the assessment are in U . S . EPA
( 1 9 8 8 ) .

Dose response data have not been d e v e l o p e d for internal cancers for the Taiwane s e p o p u l a t i o n .
The data of Chen et al. ( 1 9 9 2 ) are considered inadequate at present.

__H.B.3. A D D I T I O N A L C O M M E N T S ( C A R C I N O G E N I C I T Y , ORAL E X P O S U R E )
Eastern Research Group, under contract to EPA, convened an Expert Panel on Arsenic

Carc inogenic i ty on May 21 and 22, 1997 (Eastern Research G r o u p , 1997). The Expert Panel bel ieved
that , "it is clear f r o m e p i d e m i o l o g i c a l s t ud i e s that arsenic is a human carcinogen via the oral and
inha la t i on routes (p. 20)." T h e y also c o n c l u d e d , "that one important mode of action is un l ik e ly to be
operative for arsenic". The panel agreed that arsenic and its m e t a b o l i t e s do not a p p e a r to d i r e c t l y
interact with DNA (pp. 30-31)." In a d d i t i o n , the panel agreed that, " for each of the modes of action
regarded as p l a u s i b l e , the dose-response would either show a thre sho ld or would be nonlinear (p. 31)".
The panel agreed, however, "that the dose-response for arsenic at low doses would l i k e l y be tru ly
nonlinear, i.e., with a decreasing s l o p e as the dose decreased. However, at very low doses such a
curve might be linear but with a very sha l l ow s l o p e , probab ly i n d i s t i n g u i s h a b l e f r o m a thre sho ld (p.
31)."

H.B.4. D I S C U S S I O N O F C O N F I D E N C E ( C A R C I N O G E N I C I T Y , ORAL E X P O S U R E )
T h i s assessment is based on prevalence of skin cancer rather than m o r t a l i t y because the t y p e s of

skin cancer s tudied are not normal ly f a t a l . However, c o m p e t i n g m o r t a l i t y f r o m B l a c k f o o t di sease in
the endemic area of Taiwan would cause the risk of skin cancer to be undere s t imat ed . Other sources
of inorganic arsenic, in p a r t i c u l a r those in f o o d sources have not been considered because of lack of
r e l iab l e in format ion . T h e r e is al so uncertainty on the amount of water c o n s u m e d / d a y by Taiwane s e
males (3.5 L or 4.5 L) and the t emporal variabi l i ty of arsenic concentrations in s p e c i f i c w e l l s was not
known. The concentrations of arsenic in the w e l l s was measured in the early 1960s and varied between0.01 and 1.82 p p m . For many v i l l a g e s 2 to 5 analyses were conducted on well water and for other
v i l l a g e s only one analys i s was p e r f o r m e d ; ranges of values were not p r o v i d e d . S i n c e tap water was
s u p p l i e d to many areas a f t e r 1966, the arsenic-containing w e l l s were only used in dry p e r i o d s . Because
of the s tudy des ign, p a r t i c u l a r w e l l s used by those d e v e l o p i n g skin cancer could not be i d e n t i f i e d and
arsenic intake could not be assigned except by v i l lage . Several uncertaintie s in exposure measurement
r e l i a b i l i t y existed and subsequent analys i s of drinking water f o u n d f l u o r e s c e n t substances in water that
are p o s s i b l e c on f ounder s or caused synergi s t i c e f f e c t s . Uncer ta int i e s have been di s cu s s ed in de ta i l in
U . S . EPA ( 1 9 8 8 ) . Uncer ta int i e s in exposure measurement can a f f e c t the outcome of dose- re sponse
e s t imation.
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_H.C. Q U A N T I T A T I V E E S T I M A T E O F C A R C I N O G E N I C R I S K FROM I N H A L A T I O N
E X P O S U R E

H.C.1. S U M M A R Y O F R I S K E S T I M A T E S
I n h a l a t i o n Unit Risk -- 4.3E-3 per ( u g / c u . m )
E x t r a p o l a t i o n M e t h o d -- absolute-risk l inear model
Air Concentrat ions at S p e c i f i e d Risk Level s:

Risk Level Concentrat ion

E-4 (1 in 10,000) 2E-2 per ( u g / c u . m )
E-5 (1 in 100,000) 2E-3 per ( u g / c u . m )
E-6 (1 in 1,000,000) 2E-4 per ( u g / c u . m )

_H.C.2. D O S E - R E S P O N S E D A T A F O R C A R C I N O G E N I C I T Y , I N H A L A T I O N
E X P O S U R E
Tumor T y p e -- lung cancer
T e s t Animal s -- human, male
Route ~ inhalat ion, o c cupat ional exposure
Reference — Brown and Chu, 1983a,b,c; L e e - F e l d s t e i n , 1983; H i g g i n s , 1982; Enter l ine and Marsh,
1982

A m b i e n t U n i t Risk Es t imat e s ( p e r ( u g / c u . m )
Exposure Unit Geometr i c Mean F i n a l Es t imate s

Source S t u d y Risk Unit Risk Unit Risk

Anaconda Brown and Chu, 1.25E-3
smelter 1983a,b,c

L e e - F e l d s t e i n , 1983 2.80E-3 2.56E-3
H i g g i n s , 1982; 4.90E-3 4.29E-3
H i g g i n s et al., 1982;
W e l c h et al., 1982

A S A R C O Enterl ine and 7.6E-3 6.81E-3 7.19E-3
smel t er Marsh, 1982

_H.C.3. A D D I T I O N A L C O M M E N T S ( C A R C I N O G E N I C I T Y , I N H A L A T I O N E X P O S U R E )
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A geometric mean was obtained for data sets obtained with d i s t i n c t exposed p o p u l a t i o n s (U.S.
EPA, 1984). The f ina l e s t imate is the geometric mean of those two values. It was assumed that the
increase in a g e - s p e c i f i c mor ta l i ty rate of lung cancer was a f u n c t i o n only of cumulative exposures .

The unit risk should not be used if the air concentration exceeds 2 ug/cu.m, since above this
concentration the unit risk may not be a p p r o p r i a t e .

__H.C.4. D I S C U S S I O N O F C O N F I D E N C E ( C A R C I N O G E N I C I T Y , I N H A L A T I O N
E X P O S U R E )

Overall a large s tudy p o p u l a t i o n was observed. Exposure assessments inc luded air
measurements for the Anaconda smel t er and both air measurements and urinary arsenic for the
A S A R C O smelter. Observed lung cancer incidence was s i g n i f i c a n t l y increased over expec t ed values.
The range of the e s t imates derived f r om data f r o m two d i f f e r e n t exposure areas was within a f a c t o r of
6.

_H.D. E P A D O C U M E N T A T I O N , R E V I E W , A N D C O N T A C T S ( C A R d N O G E N I C I T Y
A S S E S S M E N T )

H.D.1. EPA D O C U M E N T A T I O N
U . S . EPA. 1984, 1988, 1993

A d r a f t of the 1984 H e a l t h Asses sment Document for Inorganic Arsenic was i n d e p e n d e n t l y
reviewed in publ i c session by the Environmental H e a l t h Committee of the U . S . EPA Sci enc e A d v i s o r y
Board on S e p t e m b e r 22-23, 1983. A d r a f t of the 1988 S p e c i a l Report on I n g e s t e d Inorganic Arsenic;
S k i n Cancer; N u t r i t i o n a l E s s e n t i a l i t y was ex t ernal ly peer reviewed at a two-day workshop of s c i e n t i f i c
exper t s on December 2-3, 1986. A d r a f t of the Drinking Water Criteria Document for Arsenic was
reviewed by the Drinking Water Commit tee of the U.S. EPA Science A d v i s o r y Board on March 10,
1993. The comments f r om these reviews were evaluated and considered in the revision and f i n a l i z a t i o n
of these reports .

II.D.2. R E V I E W ( C A R C I N O G E N I C I T Y A S S E S S M E N T )
Agency Work Group Review - 0 1 / 1 3 / 1 9 8 8 , 1 2 / 0 7 / 1 9 8 9 , 0 2 / 0 3 / 1 9 9 4
V e r i f i c a t i o n Date ~ 0 2 / 0 3 / 1 9 9 4

__H.D.3. U.S. E P A C O N T A C T S ( C A R C I N O G E N I C I T Y A S S E S S M E N T )
Pleas e contact the Risk I n f o r m a t i o n H o t l i n e for all questions concerning this assessment or

IRIS, in general, at ( 5 1 3 ) 5 6 9 - 7 2 5 4 ( p h o n e ) , ( 5 1 3 ) 5 6 9 - 7 1 5 9 (FAX) or
R f f l . I R I S @ E P A M A I L . E P A . G O V (internet addre s s).
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_VI. B I B L I O G R A P H Y
S u b s t a n c e Name -- Arsenic, inorganic
CASRN - 7440-38-2
Last R e v i s e d - 0 4 / 1 0 / 1 9 9 8
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